Several di-and tri-substituted amides of the general formula, 2,6-X 2 C 6 H 3 NHCOCH 3−i X i and 2,4,6-X 3 C 6 H 2 NHCOCH 3−i X i (X = Cl or CH 3 and i = 0, 1, 2, or 3) are prepared, characterised, and their infrared spectra in the solid state and 1 H and 13 C NMR spectra in solution are studied. The C=O stretching vibrations of N-(2,6-dichlorophenyl)-and N-(2,6-dimethylphenyl)-amides appear as strong absorptions in the ranges 1707 -1658 cm −1 and 1700 -1647 cm −1 , respectively, while the N-H stretching vibrations of N-(2,6-dichlorophenyl)-and N-(2,6-dimethylphenyl)-amides appear as strong vibrations in the ranges 3271 -3209 cm −1 and 3285 -3214 cm −1 , respectively. The N-H stretching vibrations of N-(2,4,6-trichlorophenyl)-and N-(2,4,6-trimethylphenyl)-amides also appear as strong absorptions in the ranges 3370 -3212 and 3283 -3225 cm −1 , respectively, while those of the C=O vibrations appear in the ranges 1688 -1617 and 1704 -1647 cm −1 . The analysis of the C=O and N-H absorption frequencies of all amides of the general formula X i C 6 H 5−i NHCOCH 3−i X i (where X = Cl or CH 3 , and i = 0, 1, 2 or 3) indicates that their variations do not show regular trends with substitution either in the phenyl ring or in the side chain. The chemical shifts of both the aromatic protons and the aromatic carbons of all the amides are calculated in two ways, either by adding the incremental shifts due to -COCH 3−i X i groups and the substituents in the benzene ring to the chemical shifts of the corresponding aromatic protons or carbons of the parent aniline, or by adding the incremental shifts due to -NHCOCH 3−i X i groups and the substituents in the benzene ring to the chemical shift of the benzene proton or carbon. The calculated chemical shifts of the aromatic protons and carbons of all the substituted amides by both methods lead to almost the same values in most cases and agree well with the observed chemical shifts, indicating that the principle of additivity of the substituent effects is valid in these compounds.
Introduction
Amides are of fundamental chemical interest as conjugation between nitrogen lone pair electrons and the carbonyl π-bond results in distinctive physical and chemical properties [1] . The amide moiety is an important constituent of many biologically significant compounds. Many imides, hydroxamic acids and hydrazides exhibit pharmacological activity which has further stimulated interest in their chemistry. Further, many acetanilides exhibit fungicidal, herbicidal and pharmacological activities. We have recently reported the infrared, Raman [2] and NQR [3] spectra and crystal structures [4] of several substituted N-(aryl)-chloroacetamides of the formula XC 6 H 5 NHCO-CH 3−i Cl i (where X = H, o/m/p-CH 3 , Cl or NO 2 , and 0932-0784 / 04 / 0100-0069 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com i = 1, 2 or 3), and the NMR spectra of N-(phenyl)-and N-(2/4-chlorophenyl or 2/4-methylphenyl)-substituted acetamides [5] of the formulae C 6 H 5 NHCOCH 3−i X i and 2/4-XC 6 H 4 NHCOCH 3−i X i (where X = Cl or CH 3 and i = 0, 1, 2 or 3). We report here the infrared and NMR spectra of several di-and tri-substituted amides of the general formulae 2,6-X 2 -C 6 H 3 NHCOCH 3−i X i and 2,4,6-X 3 C 6 H 2 NHCOCH 3−i X i (where X = Cl or CH 3 , and i = 0, 1, 2 or 3).
Experimental

Preparation and Characterisation of the Compounds
The N- (2,6-dichloro/2,6-dimethyl-phenyl) and N- (2,4,6-trichloro/2,4,6-trimethyl-phenyl [2] . acetamides were prepared from substituted anilines, substituted acetic acids (Aldrich, Germany) and thionyl chloride. The commercial anilines were purified by either double distillation or zone refining. All other reagents employed in the preparations and purification of reagents were of analytical grade. Pure samples of the respective anilines (2,6-dichloroaniline, 2,6-dimethylaniline, 2,4,6-trichloroaniline or 2,4,6-trimethylaniline) were treated with mixtures of the respective acetic acids (acetic acid, 2-chloroacetic acid, 2,2-dichloroacetic acid, 2,2,2-trichloroacetic acid, 2-methylacetic acid, 2,2-dimethylacetic acid or 2,2,2-trimethylacetic acid) and thionyl chloride with constant stirring. The resulting mixtures were slowly warmed to expel HCl. Excess of thionyl chloride was hydrolysed by adding cold water dropwise under ice cold conditions. Produced HCl was removed by treating with excess 2M NaOH. The separated solids were filtered under suction, washed thoroughly with water and dried. The N-aryl substituted acetamides thus prepared were recrystallised from ethanol several times to constant melting points. The compounds have been characterized by determining their melting points (Table 1). 
Spectral Measurements
The Infrared spectra were recorded on a JASCO-430 (Japan) FT/IR spectrometer. The resolution was set to 4 cm −1 , and the scanning range was from 400 to 4000 cm −1 . The spectra were measured in the solid state as pressed KBr pellets (13 mm).
The proton NMR spectra were measured on a BRUKER Ac 300F, 300 MHz FT-NMR spectrometer. The spectra were recorded in CDCl 3 and DMSO with tetramethylsilane (Me 4 Si) as internal standard. The experimental conditions were as follows: The spectral frequency (SF) was kept at 300. 
Results and Discussion
Infrared Spectra
The infrared absorption frequencies of N-(2,6-dichlorophenyl)-and N-(2,6-dimethylphenyl)-, N- (2,4,6-trichlorophenyl)-and N-(2,4,6-trimethylphen- Table 9 . Chemical shifts (δ , ppm) of various aromatic carbons and other carbons in N-(2,6-dichlorophenyl)-substituted acetamides, 2,6-Cl 2 C 6 H 3 NHCOCH 3−i X i (X = Cl or CH 3 and i = 0, 1, 2 or 3). Tables 2 -5 . The absorption frequencies of some of the related substituted amides have been included in the tables for comparison. The general assignments of the important frequencies to various modes are indicated in the tables. Assignment of various bands in various compounds, in general, has been dealt with in detail in [6 -8] . This is not discussed here. The precise frequency or wavelength at which a specific group absorbs depends on its environment within the molecule and on its physical state. The C=O stretching vibrations of N-(2,6-dichlorophenyl)-and N- (2,6- Table 13 . Chemical shifts (δ , ppm) of aromatic carbons in N-(2,4,6-trichlorophenyl)-substituted acetamides, 2,4,6-Cl 3 C 6 H 2 NHCOCH 3−i X i , (X = Cl or CH 3 and i = 0, 1, 2 or 3). N-(2-chlorophenyl)-and N-(2-methylphenyl)-amides, respectively. The C-N stretching vibrations did not show regular trends with substitution in the side chain. This may be due to the fact that the spectra of the compounds are recorded in the solid state, and the compounds may crystallise in different crystalline forms. The other frequencies are assigned to various other vibrations of the ring (Tables 2 -5) . The N-H stretching vibrations of N- (2,4,6-trichlorophenyl)-and N-(2,4,6-trimethylphenyl) amides appear as strong absorptions in the ranges 3370 -3212 and 3283 -3225 cm −1 , respectively.
The C=O vibrations appear as strong absorptions in the ranges 1688 -1617 and 1704 -1647 cm −1 for N- (2,4,6-trichlorophenyl)-and N-(2,4,6-trimethylphenyl) -amides, respectively. The C=O and N-H absorption frequencies of all the amides of the general formula X i C 6 H 5−i NHCOCH 3−i X i (where X = Cl or CH 3 and i = 0, 1, 2 or 3), namely, N- (2,6-dimethylphenyl)-, N-(2,4,6-trichlorophenyl)-and N-(2,4,6-trimethylphenyl) amides are shown in Table 6 [2] . It is evident from 7 42.4, 39.5, 20.4, 17.7 COCHCl 2 134.6 134.7 134.7 129.9 129.7 129.7 128.2 127.7 127.7 136.4 134.9 134.9 162.4 66.4, 20.4, 17.4 COCCl 3 135.2 134.4 134.4 129.7 129.7 129.7 129.2 127.6 127.6 135.2 135.1 135.1 165.7 21.0, 20.7, 17.9 COCH 2 CH 3 137.7 137.0 137.5 129.1 128.4 128.4 128.5 127.2 127.1 136.2 131.9 131.6 172.9 29.3, 20.8, 18.0, 10.2 COCH(CH 3 ) 2 136.1 136.7 136.7 129.2 129.1 129.2 128.5 127.3 127.4 135.0 133.1 133.2 175.7 35.3, 20.84, 19.7, 17.99 COC(CH 3 ) 3 136.1 136.6 136.6 131.5 129.5 129.6 128.5 126.8 126.8 135.0 132.8 133.0 176.6 39.0, 27.6, 20.8, 17.0 the comparison of these data that the C=O and N-H absorption frequencies did not show regular trends with the substitution either in the phenyl ring or in the side chain, although the C=O absorptions frequencies are generally higher for compounds with the trichloro group in the side chain.
1 H and 13 C NMR Spectra
The chemical shifts of aromatic and other protons of N-(2,6-dichlorophenyl)-and N-(2,6-dimethylphenyl)-substituted acetamides are shown in Tables 7 and 8 , and those of carbons are given in Tables 9 and 10 The chemical shifts of both the aromatic protons and carbons of all the N-(2,6-dichlorophenyl)-, N-(2,6-dimethylphenyl)-, N-(2,4,6-trichlorophenyl)-and N-(2,4,6-trimethylphenyl)-substituted acetamides were calculated in two ways. In the first method, the chemical shifts of various aromatic protons and carbons in these compounds were computed by adding the shifts due to -COCH 3−i X i groups (Tables 15 and 16 ) [5] and the shifts due to the substituents (Tables 17   Table 16 . The incremental shifts in chemical shifts of aromatic carbons due to -COCH 3−i X i and -NH COCH 3−i X i groups in N-(phenyl)-substituted acetamides, C 6 H 5 NHCOCH 3−i X i (X = Cl or CH 3 and i = 0, 1, 2 or 3). and 18) [7, 8] at different positions in the benzene ring to the chemical shifts of the corresponding aromatic protons or carbons of the parent aniline. In the second method, the chemical shifts of the aromatic protons and carbons of all the N-(2,6-dichlorophenyl)-, N-(2,6- (Tables 15 and 16 ) and the shifts due to the substituents (Tables 17 and 18 ) at different positions in the benzene ring to the chemical shift of the benzene proton or carbon.
